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54) EXCITATION-RESPONSE TYPE SUPERMOLECULE ASSEMBLY 
57) Abstract: 

PROBLEM TO BE SOLVED: To obtain the subject supermolecule assembly having a polyrotaxane skeleton 
isable by the microtechnique, and drivable in response to minute environmental change or excitation, such as 
i micromachine or microsensor to be used in vivo, etc. 

SOLUTION: This excitation-response type supermolecule assembly has such scheme that bulky terminal sites 
ire respectively introduced onto both ends of a hydrophilic-hydrophobic straight-chain polymer penetrated 
hrough the cavity of cyclic compounds, and there is molecular structure as skeleton capable of manifesting 
nolecular piston function or sensor function through controlling the hydrogen bond disposition between the 
>yclic compounds and reversible movement along the straight-chain polymer; the polyrotaxane skeleton, which 
consists of a block copolymer composed of many (3-cyclodextrins, poly(propylene glycol) and poly( ethylene 
glycol), acquires microdriving force, being useful as one of a variety of micromachine elements; besides, the 
>olyrotaxane can be metabolized and absorbed in vivo by the decomposition of its terminal groups in vivo, 
herefore, being useful as a medical micromachine and also useful as a microsensor owing to its sensitive 
jxcitation-response function. 
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< NOTICES * 

IPO and MCIPI are not responsible for any 
lamages caused by the use of this translation. 

This document has been translated by computer. So the translation may not reflect the original precisely, 
t.**** shows the word which can not be translated. 
Lin the drawings, any words are not translated. 



JLAIMS 



Claim(s)] 

Claim 1] the both ends of the hydrophilic-hydrophobic straight chain-like macrornoiecule which penetrated the 
avity of a ring compound — — the stimulus response mold supermolecule aggregate characterized by 
laking into a frame the molecular structure which discovers a molecule piston function thru/or a sensor 
jnction by reversible migration which met the straight chain-like macrornoiecule by having introduced at least 
he high end and controlling the hydrogen bond nature between ring compounds. 

Claim 2] a ring compound — the inside of the body — a disease — specific or the stimulus response moid 
upermolecule aggregate according to claim 1 embellished by the stimulus responsibility functional group which 
ns\Ners the stimulus by which external induction was carried out. 

Claim 3] The stimulus response mold supermolecule aggregate according to claim 1 whose ring compound is 
eta™ or gamma-cyclodextrin. 

Claim 4] The stimulus response mold supermolecule aggregate according to claim 1 whose number average 
lolecular weight a straight chain-like giant molecule is the block copolymer of Pori (ethylene glycol) of 200- 
0000, and Pori (propylene glycol). 

Claim 5] The stimulus response mold supermolecule aggregate according to claim 1 with which the part 
3iodegradation nature part) decomposed into a straight chain-like giant-molecule end in the living body, such 
s an oligopeptide chain or an oligosaccharide chain, is introduced. 
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)ETAILJED DESCRIPTION 

Detailed Description of the Invention] 
3001] 

The technical field to which this invention belongs] This invention relates to the stimulus response mold 
upermolecule aggregate which has the poly rotaxane frame which answering minute environmental variations 
nd stimuli, such as a micro machine, a sensor, etc. which are used in a body etc,, and driving can use with the 
licro technique demanded. 
3002] 

Description of the Prior Art] There is a medical-application micro machine as one usage of the stimulus 
3sponse mold supermolecule aggregate. Many of old micro machine designs only carried out micro processing 
f the structural material from the former, and it was premised on driving by the mechanical actuation for it. 
lowever, in fact, by the dynamics response of such a structural material, since resistance by friction etc. is 
fcrong, implementability is scarce, and in the case of the medical-application micro machine aiming at use 
jrther in the living body, adsorption of biogenic substances, such as a cell and protein, etc. occurs, and it is 
redicted as what cannot demonstrate a function. It was also impossible to also realize a medical-application 
ticro machine with the conventional technique from this and to have designed the ingredient which makes it 
ossible as a matter of fact. In consideration of such a background, a design of the medical-application micro 
lachine material which has a completely new drive function was desired strongly. 
3003] On the other hand, although research of supermolecuiar chemistry, such as the poly rotaxane 
D oIy rotaxane) which the macromoiecule chain penetrated to many ring compounds, is done briskly in recent 
sars, there are no functionalization and application using the structural singularity of this supermolecule, and 
le design of the functional supermolecule aggregate is expected, the recently and this invention person etc. — 
lulticomponent system macromolecules, such as the poly rotaxane and a mutual invasion polymer network, — 
sing — composition of the polymeric materials which can be decomposed in the living body — carrying out — 
new physic macromoiecule design — a foundation — research has been promoted. The ring compound which 
□nsists of alpha-cyclodextrin (alpha-CD) was made to support a drug as that example, the biodegradation 
ature physic giant-molecule aggregate which introduced the phenylalanine which is an amino group into the 
id of the pseudo-poly rotaxane which penetrated the cavity of this ring compound with the straight chain-like 
ant molecule through peptide linkage was compounded, this end group was understood by the enzyme, and the 
nysic gradual release agent which emitted the drug to the inside of the body with alpha-CD was proposed. 
)004] 

3 roblem(s) to be Solved by the Invention] This invention found out that the design of a completely new 
edical-application micro component was possible by using the reversible migration which met the linear- 
iacromolecule chain of two or more ring compounds which can be set in a supermolecule (poly rotaxane) frame 
5 micro driving force unlike the approach from the former which carries out micro processing of the existing 
gredient, and controls a dynamics response, as a result of inquiring to acquisition of micro driving force in the 
zing body in view of the trouble of the micro machine material from the former. 
)005] 

/leans for Solving the Problem] the both ends of the hydrophilic-hydrophobic straight chain-like 
acromolecule with which the summary of this invention penetrated the cavity of a ring compound — ** — it 
the stimulus response mold supermolecule aggregate which makes a frame the molecular structure which 
sc overs a molecule piston function thru/ or a sensor function by reversible migration which met the straight 
lain-like macromoiecule by having introduced at least the high end and controlling the hydrogen bond nature 
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between ring compounds. 

0006] With namely, the stimulus response mold supermolecuie aggregate of this invention It is embellished with 
a high functional group. to which the hydrophilic-hydrophobic straight chain-like macromoiecuie has 
penetrated the cavernous section of a ring compound, and the both ends of a hydrophilic-hydrophobic straight 
:>hain-like macromoiecuie avoid the desorption of a ring compound — It is the stimulus response mold 
supermolecuie aggregate which it is combined by hydrogen bond nature or weak coupling, this association 
answers an external stimulus, and a ring compound moves reversibly along with a hydrophilic-hydrophobic 
straight chain-like macromoiecuie between ring compounds. In such the stimulus response mold supermolecuie 
aggregate of this invention, the actuation which answered the external stimulus of supermolecuie structure is 
ised for micro driving force, or making it develop as a medical-application micro machine component or micro 
\KUCHIEETA is expected. Moreover, in order that this invention may react sensitively to an external stimulus, 
he use as various sensors is also expected. 

0007] Structure Where the straight cHainHike macromoiecuie had penetraled the cWemous section of a ring 
compound was already clarified by research (surface discourse meeting and colloid round-table conference 
994 year VoL32No.2) of Dr. Harada of Osaka University, and it is pointed out that the following polymers can 
>e penetrated. 

1) In the case of alpha-cyclodextrin, in the case of polyethylene-glycol (2) beta-cyclodextrin, they are a 
polyethylene glycol, a polypropylene glycol, and a polyisobutylene in the case of a polyethylene glycol, a 
polypropylene glycol, and polyisobutylene (3) gamma-cyclodextrin. Polymethyl vinyl ether [0008] The stimulus 
esponse mold supermolecuie aggregate concerning this invention has the structure in which the block 
copolymer of Pori (ethylene glycol) and Pori (propylene glycol) penetrated the cavity of the ring compound of 
>eta™ or gamma-cyclodextrin. As for the number average molecular weight of the block copolymer of the 
tydrophilic-hydrophobic straight chain-like giant molecule used by this invention, it is desirable 200-10000, and 
hat the presentation of the Pori (propylene glycol) block unit in 400-5000, and a copolymer uses desirably a 
flock copolymer which is 30 - 60% desirably 10 to 90%. As a desirable example of such a block copolymer, it is 
he triblock copolymer (for example, Pluronic P-84 made from Asahi Electrification, P-144 grade) which 
insists of a Pori (propylene glycol) block-Pori (ethylene glycol) block, and — this invention — the both ends 
if a straight chain-like macromoiecuie — — at least the high end is introduced and it prevents that a ring 
ompound ****s from a straight chain-like macromoiecuie by this. introduced at least into an end — as a 
igh radical, it is 2-naphthylamine -6, 8-disulfon acid mono-potassium salt, 2,4-dinitrophenyl radical 3, and 6- 
linitro benzoyl etc. moreover, the end of the supermolecuie ring compound of this invention — the inside of the 
ody — a disease — it is desirable specific or to be embellished by the stimulus responsibility functional group 
/hich answers the stimulus by which external induction was carried out. As a stimulus responsibility functional 
roup, there is a spirobenzopyran radical of an optical functionality radical etc., for example. Furthermore, when 
le part (biodegradation nature part) which answers a disease and is decomposed into a straight chain-like 
lacromolecule end in the living body is introduced, and it answered and decomposes into a disease in a body, 
nd a ring compound is desorbed from a straight chain-like macromoiecuie, it is possible to also make it absorb 
nd excrete in a body. In this case, as that biodegradation nature part, they are an oligopeptide chain or an 
ligosaccharide chain. 

3009] making into a frame the molecular structure which discovers a molecule piston function thru/or a sensor 
jnction by reversible migration which met the straight chain-like macromoiecuie in the stimulus response mold 
upermoiecule aggregate concerning this invention The condition that beta-cyclodextrin (beta-CD) of a large 
umber penetrated to the block copolymer of Pori (ethylene glycol) (PEG) which is a straight chain-like giant 
lolecule, and Pori (propylene glycol) (PPG) gathered on the PPG chain by the intermolecular hydrogen bridge, 
/hen the hydrogen bond nature between beta-CD falls and beta-CD makes an extended state occur reversibly 
3 the whole block-copoiymer chain By the whole supermolecuie aggregate's changing quickly with hydrophilic- 
ydrophobicity as a result, or making a straight chain-like macromoiecuie copolymer end group into 
iodegradation nature further, in a body, all beta-CD penetrated after use is emitted to an once term, and is 
bsorbed and excreted by the inside of the body. Moreover, it is possible by introducing various kinds of 
timulus responsibility radicals into beta-CD not only an intermolecular hydrogen bridge but to design the 
jolecule piston function driven by the stimulus guided from the outside, such as a disease specific stimulus of 
smperature, pH, an enzyme, etc. or light, a supersonic wave, and a radiation. 

3010] That is, the hydrophilic-hydrophobic straight chain-like block copolymer has penetrated in beta- 
yclodextrin (beta-CD) cavernous section of a large number which are ring compounds, and the piston function 
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n a molecular level can be realized by controlling the reversible migration which met the copolymer chain of 
Deta-CD. Furthermore, if both ends are made into biodegradation nature, beta-CD penetrated when the poly 
-otaxane end group decomposes in the living body is emitted/and the metabolic turnover in a body, and since it 
-an be made to absorb, the use as a medical-application micro machine will also become possible. 
0011] 

Working Example(s) and Comparative Example(s)] 

D luronic P-84 (Asahi Denka Kogyo make) which is the triblock copolymer which consists of an example 1 use 
-aw material (PEG) block-(PPG) biock-(PEG) block was used. The average molecular weight (Mn) of Pluronic P- 
14 is 4200, and it is reported, respectively that (Mn, the two PPG(s), PEG and PPG) is 975 and 2250. beta- 
^yclodextrin (beta-CDs) was purchased from the sigma chemistry of U.S. St. Louis. All the other chemicals 
fvere purchased from Wako Pure Chem, and they were used, without refining. 

.0012] The succinic anhydride (1.79g, 17.9mmol) was made to react in 1 10 degrees C in toluene (15.0ml) for 24 
lours, and the carboxyl group was introduced into the block copolymer of the synthetic above of the poly 
otaxane (3.0g, 0.71 Ommol) to both ends. The block copolymer which uses dicyclohexylcarbodiimide (1.41g, 
>.83mmol) as a condensing agent, condenses the obtained carboxylation block copolymer with N- 
lydroxysuccinic acid imide (made in a peptide lab) (0.78g, 6.78mmol), and has N-succinimid ester end was 
manufactured. Next, it added agitating slowly obtained N-succinimid ester end block-copolymer water solution 
0.4w% water solution) at a room temperature in a beta-CD water solution (0.01 9w% water solution), and white 
)recipitate of a clathrate compound was obtained 6 hours after. Next, centrifugal separation of this was carried 
)ut, it was rinsed, and it dried in the vacuum, generation of N-succinimid ester end block copolymer and a 
clathrate compound — IR — and — It was checked by 1 H-NMR analysis^ 

0013] Composition of the poly rotaxane was performed by introducing 2~naphthyiamine-6.8 disulfon acid 
nono-potassium salt (product made from the Kanto chemistry) for the both ends of a clathrate compound as a 
>ulky end group. When the process was shown briefly, the above-mentioned clathrate compound (1 .0g) was 
nade to suspend in 1 and 3-dimethyl-2-imidazo RIDINON (3.0ml), and it was left [ be / it / under / mixed 
iquor / which adjusted the excessive amount (1.6g 4.69mmol) of 2-naphthylamine -6 and 8-disulfon acid mono- 
potassium salt to PH7 underwater (2.0ml) / adding ] for 48 hours, agitating at a room temperature. Reaction 
nixture was put into underwater [ superfluous ] and rough precipitate of the poly rotaxane was obtained. In 
>rder to consider as an end product, warm water washed precipitate. The obtained poly rotaxane is IFL It 
neasured by 1 H~NMR analysis. 10% of yield 

R(KBR): 3383(OH)2928(CH) 1 629cm-1 (CONH).I H-NMR (DMSO-d6) : = [ 5,73 (M;Q2H of -CD), ] 5.68 (m;Q3H 
>f -CD) 4.83 (d;C1H of -CD), 4.47 (t;06H of -CD), 3.65-3.27 (m;C3H, C5H, C6H, G4H, C2H, of -CD, CH2 of PEG 
ind PPG), 1.40-1.10 (m;CH3 of PPG), [0014] The thermal property of the poly rotaxane in the inside of the 
hermal property water suspension of the underwater poly rotaxane (Q.2wt%) was performed using the 
pectrophotometer (V~550Jasco Co.) possessing a heat controller (EHC-441 , Jasco Co.), and measured 
whenever [ light transmission ] in 500nm. 

0015] In a measurement result and consideration 2-naphthylamine 6 and 8-disulfon acid mono- 

potassium salt were introduced into the both ends of a clathrate compound as a bulky end group, and the 
froadcloth PPG [ beta-CD, and / PEG and PPG ] peak was checked in the end product from 1 H-NMR 
nalysis. In this result, beta-CDs and a block copolymer live together, and in a DMSO solution, that motion 
eceives steric hindrance and is restricted. Thus, it has prevented that 2-naphthylamine 6 and 8-disulfon acid 
iono~potassium salt are substantially introduced into a clathrate compound, and beta-CDs is desorbed from a 
dock copolymer. From the result of 1 H-NMR analysis, the number of beta-CDs penetrated to the block 
opolymer in the poly rotaxane is presumed to be about 20. This is in agreement with the number of 
toichiometries of beta-CDs in a PPG chain (beta-CD is one to two propylene glycols). Thus, only beta-CDs 
athers on the PPG segment of a block copolymer, and is considered to form a clathrate compound. 
0016] The thermal property of the poly rotaxane was measured using water suspension. Drawing 1 shows 
hange of the light transmittance of the poly rotaxane by temperature. When temperature rises from 5 degrees 
) to 80 degrees G, permeability approaches to 100%. If temperature is furthermore again lowered to 5 degrees 
\ permeability will return to 0%. This - The insoluble poly rotaxane change is repeatedly reproduced also to 
temperature change as shown in drawing 1 . The responsibility over such temperature is looked at by only the 
oly rotaxane. In the case of the clathrate compound of beta-CDs and a block copolymer, although permeability 
/ill also rise if temperature rises as shown in drawing 2 , it does not reach to 1 00%. Although the solution of a 
lock copolymer shows a cloudy point (data are not shown) in about 60~degree C point, the solution of 2- 
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laphthylamine -6 which does not contain beta-CDs, and a 8-disulfon acid mono-potassium salt installation 
slock copolymer does not show change of the permeability by temperature* Thus, the imperfect increment in 
:he permeability in drawing 2 is explained as follows. 

;001 7] That is, although beta-CDs is dissociated from a block copolymer in connection with a temperature rise 
and transmission is gathered, a temperature rise causes condensation of a block copolymer to coincidence by 
:he hydrophobic interaction of a PPG segment, and transmission is reduced. This is a property which Pluronic 
las. Although only transmission will rise ( drawing 2 ) and a block copolymer will dissolve this thing again if 
:emperature returns to 5 degrees C, it is shown that generation of the clathrate compound accompanying a 
:emperature rise does not take place any longer. So, the result of drawing 1 shows the structural description of 
:he poly rotaxane. Set and distributed condition of beta-CDs of having met the block copolymer are reversibly 
controlled by temperature to be typically shown in drawing 3 . 

.0018] Drawing 4 summarizes the temperature dependence of the permeability of the poly rotaxane suspension, 
fhe phenomenon which permeability will increase if temperature rises is conspicuous in the range of 20-50 
iegrees C. It is thought that the hydrogen bond of the 1 st class and the 2nd class hydroxy! group between, 
idjoining beta-CDs is formed on the PPG segment in a block copolymer as driving force which gathers beta- 
3Ds, and disappears in 50 degrees C or more. As contrast, as shown in drawing 5 , the increment in 
>ermeability is gently observed in a clathrate compound. It is explained that the imperfect rise of this 
ransmission is the combination of beta-CDs desorbed from the block copolymer and condensation of a block 
copolymer as already stated. Although permeability approaches to 100% gradually according to a temperature 
eduction in a clathrate compound (refer to drawing 5 ), it is admited that temperature falls and the decline in 
he permeability in the poly rotaxane becomes 20 degrees C or less ( drawing 4 ). As a result of being this etc., 
t is shown to set and distributed condition of beta-CDs of having met the block copolymer with which the poly 
otaxane was blocked by the bulky end group that the poly rotaxane is reversibility. 

001 9] As shown in drawing 4 , the hysteresis phenomenon in permeability change is observed by the poly 
otaxane. It is shown that this result has the poly rotaxane in a condition metastable (about 20-40 degrees C) in 
his temperature field, and it is shown that a set and distributed condition of beta-CDs may be formed on a 
>!ock copolymer Thus, if other irritability radicals are introduced into beta-CDs of the poly rotaxane, it will be 
magined easily that change of the stimulus responsibility in the state of aggregation of beta-CDs is attained in 
ihysiological temperature (37 degrees C). Development of a molecule piston is attained from this thing using 
he molecule piston using the poly rotaxane, i.e., the poly rotaxane which performs migration which met the 
>Iock copolymer to the stimulus which has beta-CDs in it 
0020] 

Effect of the Invention] As stated above, unlike micro-izing of the structural material from the former, by 
controlling reversible migration of beta-CD using the characteristic supermolecule structure, the poly rotaxane 
f much beta-CDs, and PPG and PEG which consists of a block copolymer, respectively can gain micro driving 
orce (molecule piston function), and can apply it as various micro machine components. Furthermore, since it is 
letabolized and absorbed in a body by making an end group into biodegradation nature, positioning of a 
nedical-application micro machine material is reformed completely, and it is expected that an innovative 
dvance is brought to micro machine development in this field. Moreover, the use as a sensor is also expected 
ased on the sensitive stimulus answer capability. 

Translation donej 
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1) JtM^mt LtCTU N-tKP^a/^^ 
^ K (-<y 0 ^ K#F2S3r*k ) (0. 78g, 6. 78m 
mo 1) £ £^S08i#bTN- -rn^y^f ^ K^^^/^ 

^« (0. 4w%7K^) *5-CD7k»* (0. 0 1 
9 w%*»«) »f t^^m-C^o < D Uft3&S fe^O b 

^ ^ Kx7f;«7^ ^y#a^*5j:U?S^fc:^ 

[0 0 13] ^' y n ^ ^rf y O^it^^ft^S* 
- t7f;vr^ y™ 6. 8 yx/v^yt^ey^ y 

* (i. o g ) iri, 3-^^^/^-2-y ^yy yy" 



(4) 



f^m^F 9 — 3 0 1 8 9 3 



^yy (3. omi) ^®i»£i2\ 2-t7f/vr^ 

(1. 6g, 4. 6 9mmol) SttK^ (2. Oml) 

l H-NMR^IStfco P10% 
IR(KBR) ; 3383 (OH) .2928 (CH) , 1629cm- 1 (COM) . 
l H-MR(DMS0-d6) : -5 . 73 (M; 02H of -CD) , 5 . 68 (m; 03H o 10 
r -CD) , 4 . 83 (d ; C1H of -CD) , 4. 47 ( L ; 06H u f -CD), 3. 
65-3.27(m;C3H.C5H f C6H,C4H.C2H, of —CD, CH2 
of PEG and PPG), 1.40 - 1 . 1 
0 (m;CH3 of PPG), 

[ooi4i Tk^T^/Ky n^^-f-^com^y&iM 

(0. 2wt%) T©*y n^^>-<0*ftW 
ttRteUft^^ (EHC-44 1, Jasco 

Co.,) £ JM1 bfc^JfcAff- (V-550Jasc 
o Co. , ) Sr/SV^Tfi^ SOOnml^^T^S 
jfiA*«!i3£bfc 0 20 
[0 0 15] »J®ft*i:#* 

^^iAU 1 H-NMR^W^^-CD, P E G2£ 

flHIISSftSo ^(Oj:M-2-t7^r^y6, 

A*ft, 3 -cd s&7*??*&m&m*bBLm*z>z. ™ 

nf^lf-lstpO^v y#&m.&fcfcMM£tltz.P ~CD 

<o - c d s ^t^Mfcjft (/nt'i/y^yn^v-o 

-CDs^\ 

[0016] ^yp^ ^>-^m^£sm> 

JSv^«|ft£ftfcc ilimt^i^^yn^^j-y© 

teiTtf 5 £3iI^30%^>*£ o rco^-^co^y 

TKy d # ^rir^^<D^^^tb-5^^"C^5 0 0 - CD s 
± SfcaJE^-h^Siaiift^sfc-h^-t-S^^ l 0 0% 

-CD s 2 - t7 W ^ - 6 , so 



6 

/v^Vft^y^y ?AlfA^n ^*m^ff0>*« 

[00 17] BP^, jS — CD steia*±#l2l#*VV^a 

^S^p ~ ^ ^ 69#o#<f£X& S« 1*^ 5 °C^M 
Sil*^^^_b#U (El 2) , .:©«7^ y ^ 

£ G :/n y^*l^«:^?Bofeg - CD s ^ft^ 
RTttWctfM&m 3 fcjftSttfci* Sft5 ± 5 i-, iBJEfc: 

[0018] H 4 tt* y ta ^ *-f- >MMW^WtM^COM 

o~CV^ D igtSjS~CDsR<DlM^2tolI 
7^7^M^»^toPPGt^yf 
_bMj3-CD s &*^3K»;*£UTHa*£ft, 

ESi: tt, H 5 J£tjH~J: 5 ^> 3i6*«>tBiPf±'aSI>fb-& 

ftift (H5#RS) , #y n^^vfcisrtsaaa*^ 
fiTIt m^^T^O 2 0X:KTJ-ft5£»fce>ft£ 
(HI 4 ) 0 IttfoMfj:, n^^^m 

cd s <o»^Rr«MR«tBfc»u, ^y at?^v*^T 
[0019] H 4 tc*£fts J: 5 fc:. ^mm&ikK&tf 

«>38f*», *k y n ^ df-i^ r coia*«<iis-ett 2 0 

~4 0°C) ¥SSWl^^*^l-C^^ i3 -C 
JSfe^^y n ^^if^coi? - CD s Ep^A^tbfc^ 

tf . ^ "CD s 0>*-e-3R« ^ 33 it 5 #J»JCS*lfe^ ^ft 
tt, (3 7°C) ^*5V>'C^§^S>V^5 

[0020] 



(5) 



#M^9-3 0 1 8 9 3 



to^ c t a> W£3y_rL* E >r. ^M<D<stw^ tt tA 

mt^mm* t t tvx mm t s ^ 



[02] i <d e - cd i: ?u ^ ^ ss-a^^-a 
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#if^9 - 3 0 1 8 9 3 
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